per-millisecond electrocardiac activity (lead V4) and radiofrequency radiation was recorded 12 jointly.
INTRODUCTION

44
The number of mobile phones and the amount of mobile phone usage has expanded massively in (Gaestel, 2010) .
64
For thermal effects, the rate at which energy is absorbed per unit of biological tissue is known as 65 the 'specific absorption rate' (SAR), expressed in watts per kilogram (W/kg). The International
66
Commission on Non-Ionizing Radiation Protection has recommended a SAR-limit of 0.08 W/kg 67 average for the entire body and a SAR-limit of 2W/kg average for the head. For electromagnetic 68 radiation up to 10 GHz, the localized SAR averaging mass is any 10 grams of contiguous tissue, 69 averaged over a 6 minute period (ICNIRP, 1998) . These values are maintained by several 70 countries, but substantial differences exist between countries in public recommendations in 71 relation to mobile phone use.
72
As opposed to RF-EMF producing devices such as televisions and microwaves, the radiation 73 caused by a mobile phone may be more invasive, as direct body contact with a mobile phone is 74 the norm and the radiation the device emits is practically inescapable. In recent years, intense use 75 of mobile phones has raised concerns about possible adverse health effects. The number of 76 studies on this topic is increasing rapidly, with a primary focus on pathological effects, such as 77 hypothesized carcinogenesis and infertility. However, despite the large body of work, results
78
remain largely inconclusive due to contradictory findings. A possible explanation is that mobile 79 phone radiation may not produce harmful health effects in the short term. However, possible 80 adverse health effects, particularly in the long-term, cannot be entirely discarded. In addition, the 
83
Within the broad spectrum of mobile phone radiation research, effects on electrophysiological 84 functioning have also been examined. Although a large number of studies exist on the effects on 85 electroencephalography, relatively few studies have been performed to investigate the possible 86 cardiovascular effects of RF-EMF. Given that the heart is a vital organ, the functions of which 87 are subserved by electrically excitable tissue, more research is required to unequivocally assess 88 its susceptibility to RF-EMF, particularly given the fact that phones often are carried in 89 proximity to the heart. The hypothesis that RF-EMF has systemic effects on the autonomic 
113
A pilot study was set up to test the hypothesis whether radiation, induced by a mobile phone, 114 causes a decrease in heart rate. In addition to the standard 'macrolevel' analysis (based on 115 averaged condition effects), analyses were also carried out at 'microlevel' (i.e. radiation peak-116 related effects), taking into account interdependency among observations. This study was also 117 intended to trial a new procedure for a larger programme of research.
118
MATERIALS AND METHODS
Participant
120
The participant was a 24-year old healthy female, non-smoking, with a BMI of 21.7. The ECG 121 was regular and there was no history of cardiac or nervous system disorders.
122
The participant had used a mobile phone in the previous 9 years and had been using a smart-123 phone over the last 10 months, with approximately 1 hour of mobile phone usage per day.
124
On experimental days, no caffeine-containing beverages were used 3 hours before the start of the 125 session. No alcohol was used during the 12 previous hours. At least 8 hours of sleep were 126 ensured and care was taken that the participant's private mobile phone was switched off the night 127 before each experimental session.
128
Experimental procedures
129
The pilot study consisted of four sessions, each session taking place on a separate day. At each 130 session, an ECG was administered using three electrodes: the first, lead V4, was placed in the 
144
The telephone characteristics were as follows: Telecommunications System) -the default setting the phone. These bands operate in the 151 following frequencies: GSM: 800-900 MHz and 1.8-1.9 GHz and UMTS: 1.9-2.2 GHz. with a shielded and non-shielded electrode). The backside of the phone was placed on the skin.
165
The phone was fixed using an elastic band. In order to maintain the participant's alertness and to 166 guarantee a relatively stable mood, she read affectively neutral sections of a book during the 167 experiment. All experimental sessions were carried out in the afternoon. and 'micro' refers to radiation peak-related electrophysiological effects. radiation peaks within EXP were detected. In order to achieve this goal, a dichotomous radiation- '00' stands for two consecutive 'non-radiated' records, immediately followed by two '11' peak-202 radiated records (see fig. 1 ). This pattern was found 142 times over the four exposure sessions.
203
For the statistical analysis, a within-subject ANOVA model for repeated measures was used. 
Control finding within PRE: In order to obtain control heartbeats for the '0011' patterns in EXP
214
'0000', patterns were identified only in PRE (given that POST may be biased by EXP). The goal was to compare the '0011' patterns from EXP with the radiation free '0000' pattern, derived 216 from PRE. A '0000' pattern represents a radiation level lower than the median radiation value in 217 four consecutive records in the PRE condition. In order to balance the amount of controls with 218 the cases (defined as '0011' found in EXP), a random sample of 142 '0000' patterns were used 219 for the analysis. A comparable within-subject ANOVA model was used, but with the inclusion of 220 a between-subjects-factor ('condition'), contrasting EXP with PRE. The critical interaction to be 221 tested was the 'case-control*time-effect*condition'. Over the four sessions, the mean time distance between radiation peaks was 25.6 seconds (SD = 234 23.6 sec). The mean duration of a radiation peak was 2.5 seconds (SD = 3.1).
222
RESULTS
223
Validity of radiation
235
Macrolevel analysis
236
Compared to EXP, the mean HR in PRE was 1.014 beats per minute higher (95% CI 1.009- A strong interdependency between heart beats was apparent; for example, the correlation with 247 lag1 heart rate was > 0.9. Therefore, the regression assumption of independence of observations estimated HR in PRE was 1.0 beats per minute higher compared to EXP (t-value = 3.7; p < 252 0.001) and POST was 1.0 beats per minute higher than EXP (t-value = 4.7; p < 0.001).
253
The residuals of two models, as provided by the SPSS output, with and without the 10 lags of fig. 5 , indicating that the no-radiation period ('00') showed an increase in heart rate, 
278
DISCUSSION
279
In this pilot study a significant drop in heart rate, due to the placement of a dialling mobile phone analyses were in line with the macrolevel finding that heart rate drops after the onset of a 285 radiation peak. The macrolevel effect remained significant after correction for the autoregressive 286 nature of the heart rate data.
287
A significantly lowered heart rate under RF-EMF exposure has also been reported in a study on 288 rats (Colak, et al., 2012) and in a Finnish study on human subjects (using by a 900 MHz mobile 289 phone) (Hietanen, et al., 2002) . Although the authors of the latter study attributed the observed 290 lowered heart rate to initial "mental strain and nervousness of the volunteers", their observed 291 decrease might in fact be due to mobile phone radiation. This alternative explanation would then 292 be in accordance with the results of the present study. However, the effect of a decrease in heart report large or significant effects. Nevertheless, in a recent meta-analysis on this topic, the 298 direction of the effect, albeit statistically inconclusive, is towards lower heart rate in association 299 with mobile phone radiation (Augner, et al., 2012) .
300
In order to compare the results of the present study with those from others, it should be noted 301 that the methodology of the present study differs in several aspects. First, in the current study, 302 the mobile phone was placed on the chest instead of the ear. This placement in the proximity to 303 the heart may have increased the effect size (and thus the significance level). Second, in contrast 304 to all other studies, this study was based on the data of a single participant. Although each of the 305 four experimental days contained one exposure and two sham conditions, there was no between-306 subject factor. Third, the RF-EMF exposure condition in this study was always directly preceded 307 and followed by a sham condition, whereas in other studies the sham-condition was regularly 308 performed on a separate day. Fourth, with respect to data analysis, the current study also focused 309 on immediate radiation peak (microlevel) effects, which may represent a more sensitive way to 310 detect radiation-related impact on heart rate.
311
A possible mechanism for the observed drop in heart rate has been proposed in the literature,
312
suggesting that RF-EMF may activate the autonomic nerve system resulting in a slow diastolic The observed heart rate effect needs to be interpreted in a clinical perspective. Although the 321 effect is significant, the short reversible change of one beat per minute unlikely represents a large 322 or clinically relevant change in healthy individuals in the short term. The goal of this pilot study 323 was not to demonstrate risk, but to investigate whether there are electrocardiac changes at all.
324
The results indicate that more research is required to examine long-term effects. It is also 325 recommended to investigate the effects of mobile phone radiation in specific (vulnerable) 326 subgroups, such as children (Feychting, 2011) . band GPRS/UMTS. This setting was chosen because it mimics real phone usage. As a 340 consequence, however, the exact frequency in which radiation took place was unknown
341
(although the exact timing of radiation was).
342
Future studies are required to further explore the interference of RF-EMF with human 343 physiology. Within the field of electrophysiology, heart rate variability, EEG and respiratory rate 344 would be interesting parameters to explore RF-EMF influence on the autonomic nervous system.
345
Another aspect to elaborate further is the microlevel technique of analysis. In order to unravel 346 microlevel peak-related radiation effects, a radiation detector is indispensable. Finally, because 347 of its potentially global relevance, it is important to set up longitudinal studies to examine 348 whether there are also long-term effects of RF-EMF. 
